Poisonous plants have always constituted
an indigenous component of the flora of the Western range. Halogeton (Halogeton glomeratus (M. Bieb.) C. A. Mey.) is the only one of our most troublesome poisonous weeds which has been introduced.
The native larkspurs (Delphinium spp.) , western falsehellebore (Veratrum californicum Durand) , and halogeton have become management problems by (1) introducing domestic animals where these weeds are prevalent; and (2) range misuse, particularly overgrazing, which permits weeds to increase in density and invade new areas at the expense of desirable vegetation.
Apart from recognizing these species in the field, few understand the complex physiological characteristics peculiar to each, such as the poison or poisons it contains; why only certain classes of livestock are poisoned; the distribution of the poison within the plant; how the poison content varies during the plant's life cycle, and the effect of climate and herbicides on the concentration of the poison.
Information on the characteristics and properties of plant poisons has been reported by Dye (1956) ) ) Cook and Stoddart (1953) ) and Morton et al. (1959) ) on halogeton; Beath (1919 Beath ( , 1925 ) and Williams and Cronin (1963) ) on larkspurs; and Keeler and Binns (1964) (Darrow et al., 1962) . Duncecap larkspur is designated as the common name for DeZphinium occidentale in Standardized Plant Names (Kelsey and Dayton, 1942) . Unfortunately, duncecap larkspur is usually called tall larkspur in the West and is therefore frequently confused with Delphinium barbeyi.
Materials and Methods
Plants were collected by locations, as follows: low larkspur, duncecap larkspur, and western falsehellebore, Wasatch Mountains east of Logan, Utah; tall larkspur, Wasatch Plateau east of Manti, Utah; halogeton, west of Snowville, Utah. Plants were sampled weekly in the field from soon after emergence until termination of their active growth. Plants were divided into leaf, stem, flower, and leaf-seed-sepal 274 fractions, according to species and season. When possible, the same species was sampled at different elevations on the same date. The individual plant parts were dried for 24 hr at 60 C, ground to a 40-mesh powder, and stored in air-tight polyethylene containers.
Larkspurs
and falsehellebore were analyzed for total alkaloids as previously described for tall larkspur (Williams and Cronin, 1963) . Soluble and total oxalates in halogeton were determined by the method of Dye (1956) . The above plants have, for a number of seasons, been analyzed for changes in the concentration of their contained poison following applications of experimental herbicides. Samples were taken 1,2, and 3 weeks after treatment, and processed and analyzed as described.
Results and Discussion
Tall and Duncecap Larkspur.-More cattle are killed in the West by tall larkspurs than any other poisonous weed. Authenticated cattle losses attributed to tall larkspur on one grazing allotment in Utah have ranged from 2 to 12% during the last 10 years.
Plants begin growth in late spring as soon as snow has melted. As many as 20 to 30 shoots may arise from a single crown. In the vegetative stage, tall larkspurs resemble the poisonous monkshood, Aconitum columbianum Nutt. Tall larkspurs, however, have hollow stems and prefer well-drained soils, while monkshood has a solid, pithy stem and occurs on moist sites. Flowers of the two genera are easily distinguished because the calyx on monkshood lacks the spur characteristic of larkspurs.
Tall larkspurs produce flowers from July to September. The flowering plants average 3 to 4 ft in height but may reach 6 ft or more. Tall larkspurs grow at an elevation of 6,000 to 11,000 ft, The toxic substances in larkspurs are alkaloids. These compounds are complex organic molecules which contain, in addition to carbon, hydrogen and oxygen, a small amount of nitrogen. Alkaloids are widely distributed throughout the plant kingdom.
Many that occur in small amounts in food are harmless but other alkaloids, such as morphine, atropine, and strychnine, are highly poisonous, though all three have great medicinal value under controlled use. Familiar examples of alkaloids are caffeine in coffee and nicotine in tobacco.
Tall larkspurs are most poisonous during early growth, especially during the first few weeks following emergence (Table 1) . Alkaloid content decreases rapidly until flowering, during which alkaloid levels drop more slowly. After the plants have reached full flower, alkaloids rapidly decline. At 7,000 ft elevation, the apex consisted of leaves June 10 to July 1; buds July 1 to 15; flowers July 15 to 30; and seed pods and seeds thereafter. Equivalent growth stages in plants collected at 8,000 ft occurred 2 to 3 weeks later.
The majority of the alkaloids are found in the green leaf. Young leaves, particularly the apical bud, are rich in alkaloids. Stems are high in alkaloids only when very young and succulent; and as they become more woody, the concentration of the poison drops very rapidly. Before the bud stage of development, the dry weight of the plant is about evenly distributed between the leaves and stems. After flowering the older leaves begin to die, thereby reducing the percent dry weight of the leaves in a whole plant sample.
In years when cattle losses from tall larkspurs are unusually heavy, ranchers frequently assume that the plants are more toxic than usual. This assumption is true if losses occur following a winter of above normal snowfall or if the spring is unusually cold. The toxicity of larkspur is dependent upon two conditions: date of emergence, largely determined by winter snowfall, and temperature following emergence. Toxicity corresponds very closely to stage of growth. The later the start of growth, the more toxic plants will be-at any particular date during the growing season. Cold weather following emergence can further retard development.
Duncecap larkspur (Table 1) Low larkspur alkaloid levels do not vary greatly during its short growing season except that they tend to be higher during flowering.
The small leaves dry rapidly after flowering; therefore, only whole plant samples were collected late in the season (Table 1) . The alkaloid content is only 10 to 20% of that found in the tall larkspurs; therefore, cattle losses tend to be less severe. At the site where these collections were made, the plants had largely matured and disappeared before cattle were released on the area.
Alkaloid concentration does not, alone, determine larkspur toxicity.
Each species contains several alkaloids, some of which are more toxic than others; therefore, the toxicity of individual species will depend upon type and concentration of alkaloid. The same alkaloid may occur in several species of larkspur; others are unique only to one species. Beath (1925) extracted crude alkaloids from five species of larkspur, including those discussed here, and evaluated their relative toxicity via intravenous injections in rabbits. Alkaloids from low larkspur were most toxic, while alkaloids from tall larkspur were only slightly less poisonous.
Alkaloids from tall and low larkspurs were three and four times more poisonous, respectively, than alkaloids from duncecap larkspur. The alkaloids of duncecap larkspur were the least poisonous of the five species examined.
On the range, however, duncecap larkspur is actually more poisonous than low larkspur, since it contains up to 10 times more alkaloids per gram of plant tissue. Tall larkspur not only contains the more poisonous types of alkaloids, but produces them in concentrations equal to any other tall larkspur. The heavy cattle losses caused by this species are, therefore, not suprising. Clawson (1933) reported that the lethal dose of young tall larkspur may be as low as 0.7% of an animal's weight, or roughly 3.5 lb for a 500-lb animal.
A few seconds of additional grazing on any larkspur species may mean the difference between mild symptoms and fatal poisoning. It should not, for practical purposes, be inferred that alkaloid toxicity varies to the extent that various species can be categorized as "more toxic" or "less toxic". All species are dangerous. robust member of the lily family which grows above 5,500 ft elevation. In flower the plant stands 6 to 8 ft tall. Individual leaves measure up to 9 x 12 inches. Plants emerge as soon as snow melts, flower in July and August, and set seed in September. Seed production is erratic, however, and in some years plants may dry up and become dormant while in full flower. Plants rooted in moist seeps become dormant as rapidly as those on dry sites. In 1964, seed production was abundant. In 1965, few flowers and no seed were produced on the same area even though moisture and growing conditions were more favorable than during the preceding year. Several alkaloids are found in western falsehellebore (Keeler and Binns, 1964) . One or more of these acts as a teratogenic agent which causes severe malformations in lambs. if the ewe eats the plant during the very early stages of gestation (Binns et al., 1963) . This problem has been particularly severe in Idaho where ewes are bred on the range for early lamb production. Both larkspurs and falsehellebore contain monobasic and steroidal-type alkaloids, but are not known to contain the same specific alkaloids. Falsehellebore is seldom grazed by cattle; therefore losses are almost entirely confined to sheep.
Alkaloid content in falsehellebore is highest when plants emerge. The level drops quickly to about 0.27% of the dry weight of the plant. The alkaloid concentration varies slightly above or below this figure throughout the season until the plant dies. The stems contain slightly less alkaloid. Flowers have little or no alkaloid content.
The altitude difference in Table 1 represents 2,000 ft. Late emerging plants were higher in alkaloids than older plants at lower elevations only for a period of 2 weeks. After July 8, no significant differences in alkaloid levels were apparent.
The data indicates that falsehe&bore is capable of producing its toxic effects with almost uniform intensity throughout the growing season. Dead but undecomposed leaves are frequently as high in alkaloids as the green leaf.
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Halogeton.
-H&g&on is an annual of the goosefoot family which, since its introduction 30 years ago, has invaded 12 million acres of Western rangeland. The plant contains unusually heavy concentrations of soluble oxalate which are bound primarily as sodium salts. Oxalates are readily absorbed into the circulatory system of the affected animal. There the two sodium ions are replaced by one calcium withdrawn from the serum calcium. Excessive depression of the serum calcium level is inevitably fatal. Calcium oxalates are then precipitated primarily in the liver and kidneys where they interfere with normal function of these organs.
Soluble oxalates are highest in the leaves and lowest in stems of halogeton (Table 3 ). Seed contains about 2% soluble oxalates . Though halogeton produces primarily soluble oxalates, some insoluble oxalates, primarily salts of calcium, are present. Insoluble oxalates are not absorbed; therefore they are nontoxic.
Soluble oxalates predominate in the leaves while insoluble oxalates occur in higher conc@rations in the stems. The oxalate content of the halogeton leaf tends to be relatively high during midsummer, then peak in September . The data in Table 3 , (Table  3) . If fall and winter precipitation is light, the leaf-seed-sepal fraction may contain more than 30% soluble oxalates as late as mid-February (Dye, 1956) . Since dead halogeton remains almost as poisonous as the living plant, it should be avoided at all times.
Halogeton is confined largely to desert valleys; therefore, oxalate concentration is not affected by changes in elevation. Oxalates occur in such copious quantities that geographical distribution, as it now exists, would not cause notable, or significant, differences in the oxalate levels of halogeton.
Halogeton collected Herbicides. -Two herbicides, 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) and 2-(2,4,5-trichlorophenoxy) propionic acid (silvex), increased alkaloid content in tall larkspur (Williams and Cronin, 1963) and duncecap larkspur. In some years application of these herbicides has doubled the alkaloid content of the leaves and stems for 2 or 3 weeks after treatment. Among the many experimental herbicides evaluated for control of western falsehellebore, only 2,4,5-T increases alkaloid content. Fortunately, the low effectiveness of this herbicide precludes its use in controlling this species.
None of the five best herbicides now being tested affect alkaloid content in falsehellebore. The concentrations of oxalates in halogeton and alkaloids in low larkspur have been neither raised nor lowered by any herbicides thus far evaluated, including 2,4,5-T and silvex. Because the tall larkspurs may be more toxic following applications of phenoxy herbicides, particularly silvex and 2,4,5-T, posttreatment grazing should be restricted 2 to 3 weeks after treatment and until the plants begin to dry and lose their palatability.
Summary

Distribution
and seasonal changes of toxic compounds were studied in five poisonous range species. Concentrations of the poisons declined with maturity in two tall larkspurs; remained relatively unchanged in western falsehellebore and halogeton; and peaked at flowering in low larkspur. With the exception of low larkspur, the majority of the toxic principle was always found in the leaves. 
